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B TECHNIQUES FOR THE FABRICATION
{’LITHIUM DRIFTED GERMANIUM GAMMA DETECTORS

"-.William L. Hansen and Blair V.. Jarrett :

'“'_Lawrence Radiation Laboratory
University of California” .
Berkeley, California '

August 7 1964

: Many new nroblems'are:encOuntered‘in’attempting to apply Siliconjagg'fiiih
'lithium drifting technology to germanium._:Lithium is much more'mobile

less than the acceptor concentration. The low intrinsic temperature&w
;requires drifting at low temperatures and large currents and this is -
. frustrated by the lower thermal conductivity. of germanium., Large

crystals of germanium are also very fragile and are easily damaged by
"thermal or mechanicel shock. However, techniques developed in this
laboratory have permitted the manufacture of a large number ‘of detectors-z
with depletion depths to 1 cm, depleted volumes to 7 cm? and energy. . o
" resolution on 100 keV ¥'s as good as 2,1 keV F.W, H. M These. techniques

5'are described and some results obtained using the detectors are pre-”




ﬁi;:These effects are all pertly understandable from the nature of the Ge-Li i

”ﬁffsystem -- & system which has been discussed extensively'in the literature,
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" INTRODUCTION - .

. The usefulness of germanium as a gamma—ray spectrometer has been

_;:ﬂérdemonstrated by Webb and W'illiams1 and Ewan and Tavendale? Germanium : }
3*f'lithium-dr1fted detectors have a gamma-ray absorption qoefficient of from

3

; pi']1 to 100% depending on energy and detector thickness; a charge collection i

l:p°3-time of from 10 to 30 psec and a gemma line width as small as 2 keVé

r;ﬁk5iHOWever, these detectors have not as yet become generally available to.
'j},experimenters due apparently to difficulties in ‘producing thick junctionsv

'ipfana also to deterloration when stored under normal ambient conditions,

It is often found that lithium alloyed to p-type germanium does not

A
i

THE GERMANIUM—LITHIUM SYSTEM

Interest in the Ge-Li system as a tool for the study of solid solutions

,v_-resulted in the work of Reiss, Fuller and Mor n at Bell Telephone Laboratoriesi
;j pand the excdllent article summarizing their work up to 19565 ‘This section L
" draws largely on thelr data and attempts to select information of interest to
';xthe detector area. , . : o
_;_< Lithium in germanium is of interest due principly to the fact that lithium t'{7~
';;_is electrically active in germanium with only a single ionization state and - ‘_:ff
ﬁ;-that it has a mobility which is very_high at temperatures at which most other;hlm";
,Au'defects andfimpurities can be considered immobile, This has allowed a demon-

itﬁitproduce a rectifier at room temperature or alternatively after d short time L
;ivthe Junction loses its rectifying properties. Frequently a good junction "_ }
jieseems to contain only immobile lithium since, on heating end reverse biasing, -
f;ino lithium drifting occurs. On occasion, drifting proceeds normally for '

51; some tlme, then the junction disappears or it becomes a very poor rectifier;f .

‘;t;]stration of the application of a law of mass action for ions in semiconductors]'“,r5
.. and has led to a better understanding of - the electrical nature of lattice
. defects in solids., . : : ' ‘

~In the absence of acceptors 1ithium has a maximum solubility in germanium

;iof about 3 x 10 /hm at 610 C and an equilibrium eolubility of 6.6 x 10 3/cm
j;at 25 0(5) The presence of acceptors increases the room temperature =olubility

W
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:due to ion pairing.- However;‘the relationship between'acceptor“concentrationqﬁ

enough 1onized lithium in the. lattice to convert the germanium to n-type
under equilibrium conditions at room temperature unless the acceptor con-;f,“‘
_oentration 4is less than about 5 x 10 A/om « Also, as the temperature is f;i;;
increased above 25 C, the maximum acceptor concentration which can be over-rip
compensated by ion—pairing and lithium solubility is reduced This has the : K
effect that at 60° C or higher, gérmanium cannot be made to have an equilibrium
nftypeness due to lithium doping ==~ it will be either intrinsic or p-type. o o
%.Fig. 1. shows a plot of intrinsic carrier concentration7 and the solubility of -

‘about 57° C,. germanium which has been saturated with lithium will show extrinsic
n-type conduction while above this temperature it gives intrinsic conduction.f;
" ~ The above comments apply only to equilibrium conditione' it is,” of course,?
possible for germaniun to be super-saturated with. lithium and ‘remain n-type f
" for fairly long periods of time even in the presence of large acceptor concen—nf
ﬁ.trations;~ The time-constant by which the superesaturated lithiumjwill precip-
L. itate is influenced by the degree of super-saturation, the time and temperature’
of saturation and by the presence ‘of lattice defects and certain impurities.i.
i For example, it has been shown6 that oxygen and lattice defects will accelerate;
fjand copper 'will retard the precipitation of lithium.' The effect of copper is-
. interesting in that: 1t 1is an interstitial impurity (as is 1ithium) and has a.
i;much higher mobility and lower solubility, Carter and Swaliné_have shown that"
élcopper will precipitate more readily in traps than will lithium;~ This has the
';effect of neutralizing or lowering the cross-section of a’ trap for lithium "
ﬁprecipitation, thus increasing the precipitation time—constant._ Although RS
":it has not been demonstrated it is probable that nickel will have the same_j
effect‘as'copper;ingits ability to_act as &a trapuneutralizing impurity.:g:”

. DETECTOR FABRICATION ‘

‘ ;4@ No discussion of the concept of semiconductor impurity compensation bylg
ion—drift will be given as thls subject is amply covered in the litanpture?ﬁi
It is necessary only 1o’ adapt the. usual procedures for drifting lithium in
silicon to the production of thick junctions in germanium'

. lithium5 as 8 function of reciprocal temperature, It is seen that, below. -jifgffii
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Before presentiug detailed.driftingutechniques, e word of caution‘is'f
:;necessary concerning the handling of large germanium crystals. Large area | ?:r5ﬁ;;l
1;germanium crystals more than 3 or 4 mm thick are very fragile and easily :
- damaged by small mechanical or thermal ohocks. For example, the following L
'ftreatments heve been found to fragment or produce. inbernal erackss transfer-lgﬁ}uf
;{ing a crystal from boiling to 25°¢ methyl alcohol; cooling a crystal with "Ht..
7§adhernrt nickel or indium amalgam contacts to 77° K; putting a crystal on a S
" hot plate at 400°C to alloy lithium; coating with wax, silicone grease, el
Efsilicone rubber or silicone varnish and cooling to 77 ﬁ We have found it ”',
‘to be impossible to cut crystals with 7 cm2 cross-section in one pass with .

:;a diamond saw withoutldamage. The crystals are cut by sawing no ‘more than

;lO 15" in each pass of the blade. Lafge crystals gold alloyed to Tantalum ‘

" or Kovar will fracture at 77°K due to differential contraction but we have -
successfully cooled crystals alloyed to molybdenum, : : ‘_, L -
% . The resistivity of the ‘germanium is selected so the lithium drifting| o_f;:_;,;
_f?can be carried out while operating in the shaded area of Fig. 1. This w111

“f?ffinsure that the equilibrium ionized lithium concentration is always greater
RS than the acceptor concentration; We have normally used 30 to 45 ohm-cm, | - _
'timi gallium doped, zone leveled crysba159 Crystals from various sources have’ been PR
'}iﬁgﬁused including zone levelad, vacuum float-zoned and pulled crystals some of fjf“

I”:lwhich were dislocation free. The pulled crystals which have been used all
.. contained some impurity which rapidly catalyzed the lithium precipitation -—~J%"

. 'j;;’wltn a time constant of minmutes -~ while the vacuum floatmzoned crystals did-’
' ‘}f;;not produce junctions after lithium diffusion, probably due %o inhomogeneous

;3acceptor dietrlbution. Therefore,»the only useful crystals have been zone :ri?
,ﬁleveled v - . B A , , | l_,_
RIDAR After slicing, the. crystals are lapped on both sides with 600 grit alundum;fy o
" 1ightly copper plated and heated to 425°C for a few minutes. About 2 p of "._‘..:d‘.‘f

“fg'lithiumvmetal is evaporated to completely cover one side of the crystal and .
... the lithium is diffused for 5 min, at 425°C. The diffusion is carried out 1n |
};nltrogen, the crystal being placed on a 1/4" thick graphite pad sitting on a-
{;hot plate. :The graphite damps the thermal shock of the hot plate., After T
,heating, the crystal and graphite pad are placed on a water ‘cooled copper block fli?

~To obtain the: highest ionized lithium concentrations it is necessary t0 cool ‘




;?.as rapidly as possible from the diffusion temperature consistent with avoiding'i:iﬂéf-
'cracking. ' : ol -" Con : ~f“'% s f, ST ST :j ;
f . To assure that the lithium doped region completely covers one “side of uh6;13
-7'cnystal the four edges are removed by sawing.: . The cryetal is 1apped with .o
;fréOO grit all over, etched for 3 min, in constantly agitated 3:1 HN03~H” and L
" .the front and back coated completely: with Ga-In eutectic (M, P, 15 C) or N
eng—In amalgam (M.P, O °G)zand placed lithium side down on the drife’ epperatus.':?'
. The drift apparatus is similar to that of Goulding and Hansen1o with the' /.
’fﬁexception that no ‘drift monltoring is included. This apparatus and assoclated N
f{circuitry is shown in Figs, 2 and 3, ‘The essential features of this apparatusi?idi‘f
iiare that the ‘device is drifted at constant power by using conmstant voltage R

'fgthe set value., A variable resistance is inserted in the power supply and this;iﬁ
;;is set to ehare the supply voltage equally with the device. This allows éper—-ém
'ﬂ.ation at a power maximum for given control settings. With these controls, the‘fﬁ__
'i;dev1ce can be brought to the desired drift conditions and then left unettended'::;’_.
'T;;indefinitely with no chance of runaway occurring. One ‘drawback of .this type ;:;Ti:7T»
g-of control ;s that, due to the temperature variation during drifting, calcula~ "
tion of the- time dependence of drift depth is made- very difficult and it is -
;necessary to determine this depth by probing or staining. In Dractice the {f*
iﬁjunction depth is determlned by probing with a high impedance voltmeter on . |
ﬁithe side of the device while drifting or by removing the device and - staining
;aby reverse biasing in a CuSO4 solutiono Some typical drift times ere.u:

”Qf;f&iedrf‘lT}iafé 3 mn - 30 hrs;QLm;hjfpf; .
Tl 6 mm ~-150 hrsy i
10 mm —-400 hrs,. ¥

When “the device is first placed on’ _the drift apperatus the temperature is Zf;i‘\;;
raised to! just Jbelow the intrinsic temperature as- -shown; in Fig.. 1 and the voltage -
_— increased slowly so that after about 1 hr. 500 volts is reached Th@ lithium

- and constent current. This condition is maintained by varying the temperaturedﬁfff“‘f?

. by dissipating power in a heater transistor to maintain the devicé current at sy o
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.»fswitch is set to give a temperature Just below intrinsic.v As drifting proceeds,
rgithe temperature will drop due to the current generated | in the compensated ‘
';ﬁgermanium and the current demand can be increased to maintain near intrinsic -
- temperature. Since lithium compensation cannot occur in the intrinsic temper--*}(_
Aj;ature region, it is important that this temperature never be atteined., As the f;;,i
‘compensated region becomes thicker, the temperature drop across the germanium o
‘becomes greater and this effect must be taken into account when setting the -
ti?temperature by the current demand switch. | : : o
T ‘ The length of %ime that drifting can continue is limited only by the time -!7 -
‘that a surplus of ionized lithium can be maintained in ‘the lithium diffused B
3region. The lithium disappears both by diffusion to the surface where. it e
‘beconmes demionized and by preCipitation. When using copper doped, high resist-;ii:f<
;ivity, zone leveled crystals, 1t appears that diffusion to the surface is the "tf
‘dominant mechsnism that limits drift time, After the initial lithium diffusion | |
"and etching, the lonized 1ithium gives a sheet resistance of about 0.1 /= li,ﬂ
_“and after drifting for & mm the sheet resistance is in the range O, 4~ 1.0 QyE:.C'V
‘igiFrequently the apparent lithium concentration will increase after etching,, .
Ti:ﬁindicating surface conversion to p-type.  If, during drifting, there is a <
.. conversion to p-type the temperature will drop for a given current, the electriofpfl
: "‘ﬁﬂfield will be reduced due to charge injection and the drifting will cease, -

"“ﬁf-However, a more serious effect of the lowering of the surface concentration of .

&’rgﬁﬂilithium is the difficulty of making & good ohmic contact to n-type germanium.
\ C Since 1t is knownll that, of all the metals, only antimony is ohmic to -
" n=type germanium, about the only methods possible for good ohmic contacts arehﬂ REEN

1o have a degenerate n-type: surface or to use alloyed or diffused contactso Due -
fto the difficulties of using a high temperature operation like alloying or

-, diffusing, & high lithium surface ooncentration mst be. preserved., In PraCticesi*:?;
o yi; the device. is,etched after drifting to obtain a more 1ithium rich surface, a _“l

. f;p ..o very thin - ‘Ga=~In contact is applied end the device tested at 77 K, 1If the 7"* I
r,ﬁl:_"ﬂleakage current is greater than 10 -9 amp at 300 volts and 77°K, the device is . T
‘Q~;3xl?i€$fre-etcned until the leakage is- less. than this value, It sometimes happens .
por ;;:that the, lithium concentration is not high enough to give an ohmic contact = -
"5“3; to Ga~In, in which case the device is discarded Typ10811Ys for a d%vice‘f.ii”"

'&iwhich hes been drifted 8 mm about 3-5 mils of germanium must be removad before 7]553
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an ohmic contact is achieved When a device hes been drifted only 34 mm
tbe surface is usually sti1l strongly enough n~type the& no- etching is 7"J'%
?Aneeded f';' S Do - .'u,,;.v"q "% L A ~»:;‘df“€
? The capacitence of -the devices when measured at eudio frequencies at .
7 97°K is usuelly 2 to 3 times greater than would be calculated from the known f
f{drift depth This effect indicates the presence. of a strong surfece depletion
;ilayer as the result of etching. When' the device ie given a short wash with
1 30% HzO2 the capacitance is only about” 20% too high muvindicating probably
“a-81light surface accumulation. In practice ell devices are given the H,0,,

2 2

treatment before use._fi_ﬁi“-“ﬁ*.-" -:G’;j f{;g;:.~ ;j,*:'

.. RESULTS

df.l A typical crystal holder is shown in Fig. 4. Electrical contects are made
by a #ery thin layer of Gamln entectic and thermal contect by a layer of Dow ..
Corning 200 fluid viscosity 1 000,000 cps. ‘Figs. 5~7 ehow spectra obtafned
~with lithium drifted germanium crystals using the! amplifier described in fT[fV'

f}is plotted against energy in Fig,_8. The fact that the experimental points
’;}form a stralight line would indicate that the only roise sourees in this cese
éi,are electronics and the statistics of charge collection,_ Fig. 9 shows an .
25 uncollimated(c 137 source illuminating the side of a 1 em x 2 cm x 8 mm detector.
$7;,Taillng and line broading on the electron peaks is apparent — probably due to
'?icharge collected from a low field region or from an encrance window, . i
~ No experiments have been done which would indicate the 1ifetime.of thesei
f?idetectors under varioue ambient temperatures. One detector has been in use g
g%ffor seven months at 77 K with no deterioration and several’ have been stored
Zytat -60 c for several month periods with no epparent ill effect.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in

“this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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